To assess the hemodynamic changes and bispectral index (BIS) following administration of a continuous rate infusion (CRI) of butorphanol in isoflurane-anesthetized calves.
Introduction
Inhalation anesthesia is associated with a dose-dependent cardiovascular and respiratory depression 1 . Balanced anesthesia is often used to decrease inhalant anesthetic requirement, thereby limiting cardiovascular depressant effects and providing additional analgesia 2, 3 .
Butorphanol is an opioid agonist-antagonist and as such is a competitive antagonist at the μ receptor and an agonist at the κ receptor. This mixed agonistic-antagonist activity results in analgesia and is less likely to induce respiratory depression, compared with pure μ agonistic activity 4 , and contributes to the management of balanced anesthesia 5,6 . Opioids have been extensively studied and used in dogs, cats and horses [6] [7] [8] . However, research evaluating opioid-induced analgesia and hemodynamic effects in bovines is still scarce.
Clinical assessment of depth of anesthesia in animals requires the anesthesia provider to evaluate a variety of autonomic and motor reflexes, as well as changes in heart rate and arterial blood pressure. Although they are simple to be obtained, these clinical signs can be an imprecise method for judging the degree of central nervous system (CNS) depression and analgesic requirements. Objective methods for assessing anesthetic depth and analgesic requirements that employ processed EEG data, such as BIS, have been investigated 9 .
Although BIS was originally designed for human subjects, studies have demonstrated its usefulness in anesthetic procedures in other species [10] [11] [12] [13] [14] [15] . To the author's knowledge, limited data characterizing BIS in bovines have been published. 
Methods
The study and experimental design were approved by the local Institutional Animal Care and Use committee (005150). A total of eight male Holstein calves, aged 9 ± 1 months and weighing 110 ± 12 kg, were used in the study. All calves were considered healthy on the basis of physical examination and complete blood count (CBC). Food was withheld for 24 and water for 12 hours prior to the experimental procedure. 
Statistical analysis
For statistical analysis data are expressed as means and standard deviation (x ± SD). 
Results
There were no significant differences between the time points in all hemodynamic and blood gas analysis variables (Tables 1 and 2 ). Times  T0  T10  T20  T40  T80  Heart 
Parameter
Central venous pressure (mm Hg) 77 ± 10 79 ± 10 77 ± 11 76 ± 13 80 ± 14
Oxyhemoglobin saturation (%)
99 ± 1 99 ± 1 99 ± 1 99 ± 1 99 ± 1
Inspired oxygen tension (%)
90 ± 4 92 ± 2 93 ± 3 94 ± 3 94 ± 2
End-tidal concentration of isoflurane (%)
1.3 ± 0.04 1.4 ± 0.10 1.4 ± 0.05 1.4 ± 0.08 1.4 ± 0.08
End-tidal carbon dioxide tension (mm Hg)
46 ± 2 46 ± 5 47 ± 4 47 ± 4 47 ± 5
Central temperature (°C)
38.7 ± 0.6 38.5 ± 0.7 38.6 ± 0.8 38.6 ± 0.9 38.6 ± 1.0 BIS recordings were always associated with > 90% signal quality index, suppression ratio of 0 and low electromyography activity. There was no difference when T0 was compared with other time points ( Table 3 ).
The times to sternal recumbency and standing position were 9 ± 5 and 14 ± 7 minutes, respectively. Quality of recovery was considered smooth in all animals.
Discussion
The use of an IV dose of 0.1 mg kg -1 of butorphanol was based on previous studies using the same opioid in ruminants 14, 18 .
Due to the lack of studies reporting the use of CRI of butorphanol in bovines, the rate used in this experiment was initially based in rates employed in horses Sellon et al.
19
, and adjusted to 20 µg kg -1 minute in sevoflurane-anesthetized calves was associated with a decrease in HR and arterial pressure. We believe these observations might have been influenced by the higher dose used in the study.
A limitation of the study was not to perform a control group, in order to show potential temporal changes in the hemodynamic variables. Nevertheless, the temporal effects of anesthesia maintained with isoflurane has been observed in previous studies and were similar to those seen in the present study [23] [24] [25] .
As a consequence, the results show that a continuous infusion of butorphanol did not cause significant hemodynamic changes in the present study.
The BIS values observed in the current study ranged between 40 and 44. These values were lower than those found by Garcia-Pereira et al. 14 Following termination of anesthetic maintenance and CRI, all calves recovered uneventufully and no adverse effects were observed at recovery. Nevertheless, recovery time was greater than that observed by Cantalapietra et al. 16 , which reported a mean of 4.6 minutes to sternal recumbency and 6.7 minutes to standing position in cattle anaesthetized with 1 MAC of isoflurane for 90 minutes.
Conclusion
The rate of continuous rate infusion of butorphanol for 80 minutes did not produce any clinically relevant alterations in hemodynamic or bispectral index values compared to baseline in mechanically ventilated, unstimulated calves anesthetized at E´Iso of 1.4%. In addition, recovery was rapid and uneventful.
